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ABSTRACT
The aim of this studywas the investigationof stableTi02 powder suspenSIOn
formationinwater.Thewaterbasedpaintsareenvironmentallysafeandexpectedto replace
organicbasedsolvents.
Four differentcommercialtitaniapigmentpowderswithdifferentcharacteristicswere
used.Onlyahighmolecularweightsurfactantwasused.Suspensionswerepreparedfor four
titaniapowdersat 5,1O,and20 % by volumesolid contentandthesamesuspensionswere
usedin theinvestigationof theeffectsof thesurfactanton thestabilityof suspensions.The
surfactantwas added in the range of 0.1 to 0.5 % by weight of pigment.Two
characterizationmethodswere used III the analysis: sedimentationand rheological
characterization.
It hasbeenfoundthattherearesomestablepH rangesfor thesuspensionsprepared
byfourTi02 powders.In theseranges,it is expectedto behaveasdilatant- shearthickening
andthesedimentwasdenselypacked.Threezones,sediment,fallingandsupernatantzones,
wereobservedin dispersesuspensions..
As a resultof this,thepH rangesof thesepowdersinwateris observedvisually.If it
hasrutilestructureinpowderC G (95%Ti02 content,5% Ab03 coated),it worksverywell
in basicmediums.Also rutilepowderG (99% Ti02 content,uncoated),it is expectedat
pH=2andbasicmediums.The anatasepowders,E andF (both are 99% Ti02 content,
uncoated),arestableinbasicmediums.TheF haswiderstablezonethanthepowderE.
The results of this work have shown that rutile aluminacoated powder C
suspensionswerestablein basicmedia.Rutile powderG suspensionswerestableat pH=2
andbasicmedia.AnatasepowdersE andF werestablein basicmediawith powderF being
stablein a widerpH range.The combinedanalysisof sedimentation-rheologicalbehaviour
of suspensionswerefoundto beveryhelpfulin understandingthesuspensionbehaviours.
Relativelyhighsedimentpackingdensitiesin the50-60%of theoreticaltitaniadensitywere
obtainedfor someof thesuspensions.
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Bu c;ah~mamnamaCIkararhyapldaolan Ti02 tozlannmsu ic;indekidavram~Ianm
incelemektir.Su bazh boyalar c;evreselolarak daha gtivenIidirve,organik c;oztictilerIe
olanlannyerinialmaslbekIenmektedir.
Dort degi~ik ticari titanyum dioksit kullamlml~tlrve bunlar degi~ik
ozelliklerdedir.Yanhzbir adetytiksekmolektiIaglrhkhytizeyaktifmaddesikulIamIml~oIup,
ytiksekmolektilaglrhgmasahiptir.BtittinstispansiyonIar%5,10 ve 20 hacimcetitanyum
dioksitic;erenoranlardahazlrIanml~ve aynbir c;ah~madaaglrhkc;a%0,1'den%0,5Ieytizey
aktifmaddesigirilerekstispansiyonlannkararhhkIanincelenmi~tir.
Bu c;ah~maYIanaliz edebilmekic;iniki olc;timmetodukulIamlml~tlr:biri akl~ile
ilgili,digeriise sedimentasyonozellikleri iIe ilgilidir.Dort farkh tozla hazlrIanml~oIan
suspansiyonlannkararholdukIanbeIirIi pH arahklanvardlr.BuarahklardareoIojik yapi
dilatantyapigosterirken,oIu~anc;okeItininytiksekIigininklsaoImaslve c;okeitininiseyogun
bir yaplda oImasl beklenir.Kararh oldugu arahkIarda tiC; degi~ik boIge
beklenir;"supernatant",''fallingzone" ve" sediment".
<;ah~manmsonucunda,aluminyumoksit ile kapIanml~oIanC (%95 TiOz ic;erigile
%5 Ah03 kaplamaslvardlr)tozununbulundugustispansiyonbazikortamlarda,dahakararh
yaplvermektedir.Saf haldekirutil G (%99 saf TiOz ) tozu ile hazlrlananIarisepH=2 ve
bazikortamlardakararhdlr.Anatasolan E ve F tozlan (%99 saf TiOz ) yanhzcabazik
ortamlardakararhyapi gostermektedirve F tozunun arahgldaha geni~tir.Reolojikve
sedimentasyondavram~latmmincelenmesistispansiyonlarmdavram~lart'miJ.daha kolay
anla~tllrhale gelmesinisaglamaktadlrve c;okeltilerinsahipolduklanslkhklanmnoranlan
%50-60lardadlr.
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CHAPTER I
INTRODUCTION
A colloid describesamixtureconsistingof a dispersionof particlesof onephase
(asolid,liquid,or gas)in a secondcontinuousphase(asolid,liquid,or gas).Someof the
moreimportantypesof colloidalsystemsaresummarisedin Table1.1
The most criticalcharacteristicof the mixturewill be that its (macroscopic)
behaviouris determinedby the natureof (microscopic)surfaceforcesbetweenthe
particlesratherthanbythepresenceof anyexternalforces.(suchasgravitationalforces)
Thesesurfaceforcesarecontrolledbythesurfac'echemicalpropertiesof theparticulate
(dispersedphase)andthephysicalandchemicalpropertiesof thecontinuousphase.The
magnitudeof theforcesandtheresultingstructureof thedispersionmayvarywithtime.
Most substancesacquirea surfaceelectricalchargewhenbroughtinto contact
witha polarmedium,resultingfromoneor moremechanismsinvolvingionization, ion
adsorptionandion dissolution.Surfacechargeinfluencesthedistributionof nearbyions,
attractingions of oppositechargebut repellingions of similarchargeto thatof the
surface.This leadsto theformationof theElectricalDoubleLayer(EDL) whichconsists
of thesurfacechargesanda neutralizingexcessof counter-ionandco-ionsdistributedin
a diffusemannerin thepolarmedium.This is to describetherelationshipbetweenthe
stabilityandchargedistributionaroundchargedparticles.
A suspensionof a finelydividedsolidthatremainsdispersedin a liquidfor an
extendedperiodof timeis saidto becolloidallystable.In water,stabilityarisesbecause
theparticlesacquirea surfacechargethroughanyoneof a numberof mechanisms.Such
a dispersionmaybe destabilizedby electrostaticinteractionbetweenthe electricfield
surroundingthe particlesand oppositelychargedions. The latter are known as
counterionsandtheprocessis calledcoagulation.It is apparenthafstabilizationand
restabilizationdependon thesizeandconcentrationof theparticles,thenatureof the
particlesurfaceandthe compositionof the solution.The most importantparameter
controllingthestabilityhydrosolsis thesolutionpH[30].This is becausemanysolshave
acid-baseproperties.
IIMIR YUKSEK TEKNOlOJi ENSTiTUSO
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The stateof aggregationof the dispersedpowder and subsequentpowder
packingdependon thestabilityof thepowderdispersion.Stabilityagainstcoagulation
foraqueousdispersionsof oxidepowdersrequiresa low electrolyteconcentrationanda
solutionpH aboveor belowtheisoelectricpoint(IEP)of theoxide.The IEP, thepH at
whichnonetchargeexistsinparticle/liquidinterfaceregion,is between4 and5 for rutile
and6 for anatasetitania(27].This is thezeroelectrophoreticmobility.The signof the
chargeandpH aredeterminedbymicroelectrophoresismeasurements..
A morepracticalandconsiderablyeasierapproachis to observethesettlingof the
colloidalsuspensionas a function of pH(30], Settling and agglomerationoccur
simultaneouslywhileprocessingcolloidalsuspensions.Differentsizeparticlessettleand
agglomerateatdifferentrates;thuscausingtheparticlesizedistributionandagglomerate
distributionto varyalongtheheightof thesuspensionandto varywithtime.Thereare3
sedimentationzones,bothtransientandequilibriumconditions(18].Athebottomof the
vessel,a sedimentationcakeis formedwitha volumefractionwhichsomewhatdepends
onthecompressibilityof thepacking.Abovethatsedimentlayer,onefindsa transition
layer,the heightof which variesduring the settlingprocessand dependson the
diffusivityof theparticles.Then,a clearliquidis foundabovethatlayer.
Titaniapowderis generallyusedin all industries.Oneof themis surfacecoatings
industryas a whitepigmentto producewhitepaint.Water-basedCoatingsaremore
importantthanallpaintsystemsbecauseit is moreeconomicalandenvironmentaldueto
thereductionof solventemissionduringapplicationto complywith legalrequirements.
Savingsin organicsolventsas diluents,savingsin insurancepremiums,lower energy
consumptioni spraycabins,ventilationzonesanddryingovensall contributeto the
overalleconomyof water-basedcoatings(32].So this studyis relatedwith thewater-
basedsystems.
In this study,four differentcommercialtitaniapowderswereusedat different
titaniasolidcontentsandat differentsurfactantconcentrations.Powdersuspensionsin
the5-20vol% rangewerepreparedandtheirrheologicalandsedimentationbehaviours
werecharacterized.
2
The aim of this study was to understandthe behaviourof these four
commercialpigmentsin water.The stabilityandrheologicalbehaviourof suspensions
preparedinthe2-12pH rangeandbytheadditionof a surfactantwasanalysed.
Table1.1:Sometypicalcolloidalsystems(8]
Examples Classdispersephasedispersionmedium
DisperseSystems Fog.mist,aerosolsprays
liq idaerosolorl quidgas
aerosolof liquid particlesIndustrialsmokes
solidaerosolorsolidgas
r s l f solid rticl sInorganicolloids(gold,
lsor colloidalliliquid
metallichydroxides.).paints
susp nsi ns
Foams
fo mliquid
Expandedplastics
solidf amgassolid
Microporousox des.Silica
Xerogels
gel.porou .glass.zeolites MacromolecularcolloidsJellies.glu
g lsmacro-molecul ssolvent
Ass ciatedcolloids
So p.water-detergent/water-
--micellessolvent
dyesolutions Biocolloids
Blood
corpuscl sserum
Bone
hydroxy-apatitecoll gen
Multiplecolloids
coexistingphasesOil-bearingrock
porousr ckilwater
Frostheaving
poro rockor soilIcater
mineral
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4CHAPTER II
PRODUCTION OF Ti02
2.1PhysicalPropertiesof Ti02
Titanium dioxide (titania),Ti02, formulaweight 79.90, existsIn 3 forms;
anatase,brookiteand rutile. Anataseis tetragonal,uniaxialnegative;the unit cell
containsfour Ti02 moleculesand hasa volumeof 136.1A3. Rutile, tetragonalis
isomericbutnotisomorphouswithanatase;uniaxialpositive;theunitcellhastwoTi02
unitsanda volumeof 62.4A3.Brookiteis orthorhombic,biaxialpositive.Figure2.1
showsthecrystalunitcellsof anataseandrutile.Anataseandbrookitearemonotropic
formstobechangedto stable rutilewithincreasingtemperature.Brookitetransforms
torutileabove650DC andanataseis invertedto rutileat 915±15DC in theabsenceof
minerals.However,in thepresenceof suitableminerals,theanataseandbrookiteis
convertedto rutile at much lower temperatures(400-500DC). The denseratomic
crystalpatternof rutilecausesbotha higherspecificgravityanda higherrefractive
indexthananatase.Rutile is mostlyusedin thecoatingsindustry.Thecrystalformsof
anataseandrutileTi02 andtheirpropertiesareshownin Figure2.1, Figure2.2 and
Table2.1.AnataseTi02 hasgotveryhighphotoactivityandis notsuitablefor exterior
finishesbecauseit maycauserapiddegradationof thepaintfilms.AnataseTi02 has
foundextensiveapplicationsinpapercoatings.
2.2Productionof Ti02
Titaniummetaldoesnotexistin a freestatein nature.It is boundto oxygen
andfoundwithironoxides.Therearethreedifferentminesasraw materials:Ilmenite
(FeTi03),rutile(Ti02) andleucoxene(Fe203.Ti02).Ilmenite,in hard-rockformation
andasbeachsand,is themostimportantTi02 source.Hard-rockdepositshappento
beavailablein thenorthernhemisphere,whereasthedepositsof beachsandilmenite
aswellasnaturalrutilesarein thesouthernhemisphere.So, beachsandilmeniteand
rutilehaveahigherTi02 contenthanhard-rockilmenite.
IIIMIR YUKSEK TE~KNOlqJiyE~STiTOSO
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Figure2.1: CrystalUnitCellsof AnataseandRutile.(26]
Figure2.2: Anatase(left)andRutile(right)crystalforms.(26]
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Table2.1: SomePhysicalPropertiesof Ti02. [31]
Property
AnataseRutileBrookite
Crystalsystem
tetr gonaltetragonalOrth rhombic
M.p.(OC)
--1825--
Sp.Gr.
3.904.27.13
Refind.
2.522 726
Mohs'h rdness
5.5-6.07 0-7.55 5 6.0
Sp.he t(cal/oC.g)208°K
0.1 90 9-
Meandielectricconstant
481148
ElectricalCo ductivity At roomtemperature
10-15_10-14--
At SOO°C
5.5xlO-5---
J2()()OC
0.12
Not toomanyyearsago,world- widedepositsof Ti02 wereestimatedabout
420 milliontonnes.In recentyears,largeanatasedepositsin Brazil was discovered
equivalenttoanadditional220 milliontonnesTi02 pigmentayear.TheTi02 deposits
willlastforabout260 years.Anothersourceestimatestheworld ilmeniteresourcesto
totalaboutonethousandmilliontonnesof Ti02. Ti02 pigmentproductionwasstarted
66yearsago.Thenewindustryoriginatedsimultaneouslyin Norway a~dtheU.S.A.
Theearlyproductswereverylow qualitycomparedwithtoday'sTi02 pigments.
2.3TiOz ProcessingMethods:
Methodsfor theproductionof Ti02 fromitsorefall intotwogroups:
1-Thermalhydrolysisof titaniumsulphate,chlorideor nitratesolutions;
2- Reactionof titaniumtetrachloridevaporwith anoxygen-containinggasat elevated
temperatures(vapor-phaseoxidationreaction).
Economicalandenvironmentalfactorsdeterminethesuitabilityof themethod
used.Thethermalhydrolysisof titaniumsulphatesolutions,commonlyknownas the
sulphateprocess,is the most widely used method.Titaniumchlorideand nitrate
solutionshavereceivedlittle attentionbecauseof the corrosivenessof the solutions
andhigheroperatingcosts.A flow sheetfor the productionof anataseand rutile
titaniumdioxidepigmentsis showninFigure2.3.
SulphateProcess:Ilmeniteore, FeTi03 or FeO.TiOz , is used.This contain
about45-0%by weightof TiOz. The ore is groundand dissolvedin concentrated
sulphuricacidto formtitanylsulphate:
Ironis addedto reducetheFe(III) to Fe(II) andsometitaniumis reducedto prevent
reoxidationof iron.Thetitanylsulphateis purifiedbysedimentationandcrystallization
andthecrystallizedferroussulphateis separated.Theis precipitatedbyhydrolysis:
If thehydrolysisis carriedoutaftertheadditionof smallnucleiof rutile,called
theseed,theproductwill taketherutilecrystalform;in theabsenceof a seed,anatase
willbeobtained.Thentheprecipitateis separatedfromthesolutionby filtrationandis
washed.Additivesareaddedto promoteandcontrolpigmentarycharacteristics.The
treatedprecipitatedhydrateis calcinedat 800-1000dc. Then it maybe treatedwith
inorganicoxidesto improveperformanceproperties.
Scrap iron
Flocculant ---~
CilJ,lperus
Primary
weak
liquor
from Evaporator
Seed----I I r-Wate,
~ HydrolySIS I
l:'vloon~fdler}
Calciner :J
Cooler ,
•
Untrealeu glades Surface treated grades
Figure2.3:Flow diagramoftitaniaproduction.(26]
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Chlorideprocess:Naturalrutileis usedastheonlyrawmaterialin thechloride
process;however,ilmeniteandothertitaniumorescanalsobe usedas sourceores.
Crudeoreis mixedwith cokeandreactedwith chlorineat 900°C.This resultsin the
formationofTiC14,C02 andCO:
Becauseof thevariationsin thebetweenthechloridesof metalimpuritiesandthatof
TiCLI,impuritiescaneffectivelyberemovedby condensationand/ordistillationsteps.
PurifiedTiCl4 is thenreactedwith oxygenor air in a flamereactionat 1500°Cto
producechlorineandfine-particleTi02; theformeris recycled.
Aluminiumtetrachlorideis addedto promotetheproductionof therutileform
andto correctcrystalsize.The Ti02 canbe post-treatedto improvetheproperties.
Post-treatmentsincludeapplicationor inorganicoxidesandothercompoundsto the
surface.
Coatingscontaining2-5% by weight aluminaor silica are satisfactoryfor
generalpurposepaints.It maybe coatedwith thecombinationof severalmaterials,
e.g.alumina,silica,zirconia,aluminiumphosphatesof other metalsfor the other
industries.It is shownthescanningelectronmicroscopepictureof silicacoatedtitania
particlesinFigure2.4.
2.4Applicationsof Ti02
Thesurfacecoatingsindustryis themajorconsumeroftitania.Theothermajor
marketsfor titaniaarethe plasticsandpaperindustriesandto a lesserdegreethe
rubber,ceramic,textile,masonryproductandcosmeticindustries.
SurfaceCoatingsIndustry: The headingcoversa very broadspectrumof
applications,includingsomeof thebetterknownsegmentsof paints,printinginksand
specializedcoatings.Thedesirablepropertiesare:
a-Highdegreeof dispersion
b-Opacity( hidingpower)
c-Brightness
d-Tintingstrength
e-Durability
f-Gloss
g-Endproductstability
a-)Highdegreeof dispersion:Theabilityto achievethedesiredpropertiesof a
systemis dependenton the abilityto fully dispersethe titaniadown to its ultimate
particlesizeandfor thoseparticlesto beheldin a deflocculatedstate.Therearemany
methodsto achievedispersion,but with rising costs energyand manpower,the
coatingsindustryis demandingrapidwettingandeasy-dispersingpigments,so that
ultimateparticlesizeis achievedinaminimumtimewithminimumpowercosts.
Figure2.4: SEM pictureof silicacoatedrutiletitaniaparticles.[6]
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b-) Opacity ( hiding power) : The use of titania revolves around its ability to
scatterlight so, the greater the refractive index difference between particle and
medium,thegreaterthe amountof light reflectedfrom the surface.This is how opacity
is achievedin a paint film by using titania.For example,the high refractive index of
rutiletitaniaof 2.71 will give a greaterratio then that of anatase(2.55) in the some
medium.
c-) Tinting strength : It is a measureof the comparative amounts of two
colouredpigmentsthat needto be blendedwith the same amountof the samepigment
in the samemedium to produce a tint of equal strength in each case. With this
definition,a series of white pigments were compared in a standard blue pigment
showingin Table 2.2.
.d-) Durability : It is the degree.to which paints and paint materialswithstand
thedestructiveffectof the conditions.
Most polymersare attackedby UV radiationin the sun'srays. Some polymers
aremore resistant to these harmful UV rays than others and thus a paint film
containinga resinof high resistanceto UV degradationshouldbe more durablethan a
paintfilmcontaininga resin oflow resistanceto UV degradation.
Two principalfactorswhich affectthe durabilityof paintare:
- Chemicalandphysicalnatureof thepaintfilm.
- The environmentthatthe paintfilm hasto withstand.
Althoughtitaniumpigmentis a good absorberof ultraviolet light, the influence
oftitaniumpigmentis both protectiveand destructive.The pigmentprotects the film
byabsorbingultravioletradiationto such an extentthat there is little radiation left to
damagethebinderdirectly.This protective destructivebalanceis largely governedby
thetitaniumpigmentmanufacturer'sability by the inclusion of coatings of oxides of
aluminiumand/orsilicon on to the titaniumdioxide crystal.
e)Gloss: It is the degreeto which a surfacesimulatesa perfectmirror in its
capacityto reflectincidentlight.The film with the leastdefectsat its surfacewill give
thehighestgloss.
IIMIR YUKStK TfKNOlOJi fNSTirusu
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Table 2.2 : Comparativetinting strengthsof commonpigments.[26]
Materials
Tinting Strengths
RutileTitania
1850
AnataseTitania
1350
ZnS
900
Li hopone
300
ZnO
2
PlasticsIndustry: Unlike the surfacecoatingsindustry,which usesrelatively
thinfilmstheplasticsindustryusesrelativelythick profiles. The pigmentloadingstend
tobelowerthanin paintproductsthis is ageneralizationbecausethermoplastic
polymersuchasAB S which hasa pronouncedyellow undertonerequirerelatively
highpigmentationto maskthispolymercolour.
The titaniumpigmentrequirementfor thermoplasticproducts is easydispersion
underlow shearconditions.This is assistedby use of titaniumpigmentswhich renders
thepigmenthydrophobic.
Methodsof incorporationof titaniumpigmentsinto plasticsarevaried, but the
majormethodsare:
a) dry blender
b) ribbonblender
c}high speedmixer
d) internalmixerand
e) continuouscompounder
RubberIndustry: Applications in rubberare of relativelysmallvolume and the
dispersionequipmentis of a very high shearnaturethat is internalmixers andhere the
titaniumpigmentused is an uncoredanataseor rutile. Anatase is used where chalking
isrequiredandrutilewhere non chalkingis required.
Paper Industry : Historically, anatasehas been used for paper production.
However,ashift to rutile was made in Australia a number of years ago, and
considerablereductionin titaniumpigmentusagewas madeby this change.The two
largeareasof rutilepigmentusagein thepaperindustryare:
IIMIR YUKSEK TEKNOlOJi ENSTiTUSO
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a) beateradditionto wood pulp and
b) boardcoating.
CeramicsIndustry : Vitreous enamelsaccountfor the bulk of titanium pigment
usagein ceramics.Requirementsare for easyand completesolubility into vitreous frit
withgood colour reproduction in the final enamel.This application requires special
productiontechniquesto provide therequiredproperties.
Other Applications : In all other applicationsfor example,cosmetics,cement
products,food, and leather,some form of dispersionof the titanium pigmentwill be
necessary.
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CHAPTER III
PAINT
Paint is a product is in liquid or powder form, containing pigmentswhen it is
appliedto a substrateit forms an opaquefilm having protective, deco'rativeor specific
technicalpropertiesaccordingto the ISO 4618/1.The compositionof a paint determines
whethera high-glossfilm or a flat (matt)surfaceis formed,
3.1Compositionof Paints
Solvents ~
CoalescingagentsFilm forming sub tances
~~
Resins
bi ders ~paints
PlasticizersAdd tivesDyesP gments Extenderpigmentscomponents
components
nonvolatile
Coatings generally contain various ingredientswhich can be divided into the
followinggroups:
volatile
Solvents,binders,andpigmentsaregenerallypresentin muchhigheramounts.
3.2BasicComponents
Resins: Most importantraw materialsare resins. The term "resin" denotesthat
thematerialis a vitreous-amorphoussolid without a defined melting point. However,
painttechnologistsalso use the term resin to denote a certain group of natural or
syntheticfilmformerswith resinousconsistency.
Resinsaresolublein eitherorganic solventsor water but not both. They increase
thesolidscontentof paintsand improve the gloss and adhesionof coating films. Their
mostessentialfunction is to increasehardnessand reduce the drying,timein oxidative
curingsystems.
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Plasticisers are normally organic liquids of oil consistency and low volatility.
Estersof polyacids are typical examples.Plasticizers have the opposite effect to resins;
theylower the softening temperaturerange of the binder, resulting in a lower film-
formationtemperature,improvedflow andincreasedflexibility.
Pigmentsand extenderpigments:They are responsiblefor coloring hiding power
andin certaincasesfor improvedresistanceof the coatingfilms. They consistsof finally
ground,crystallinesolids that are dispersedin the paint and film. The hiding power and
thetintingstrenf,>1:hof a paintdependon theparticle size of the pigment.
The intensehiding power of manywhite and colored pigmentsenablesthe paint
technologistto partially replace these expensive materials with cheaper extender
pigmentssuch as barytes, kaolin. These extendershave the some particle size as the
pigments.Due to their lower refractiveindex, they contribute less to the hiding power
of coatingfilms thanpigmentsbut theydo not changethe hue.
Additives : The term " additives" denotesauxiliary products that, even in small
concentrations,improvethe technologicalpropertiesof paintsor coating films. They are
classifiedaccordingto their effects.
Driers catalyzethe decompositionof peroxide and hydroxyperoxidesformed by
the action of atmospheric oxygen on binders like alkyd resins. This promotes the
formationof radicalsand polymerizationof the binders is thus initiatedand accelerated.
Metallicsoaps(e.g.cobalt naphthanateor lead octoate) are soluble in most binders as
efficientdriers.
Antiskinning Agents are mostly antioxidants that counteract the tendency of
drier-containingpoints to from an insoluble surface skin on contact with atmospheric
oxygen.In thefilm theypromoteuniform drying andthus hinderwrinkling. Antiskinning
agentsof the oximetype (methylethyl ketoxime) mask the driers by chealation.During
filmformation,they evaporatetogetherwith the solventsand so do not.extentthe drying
time.
Curing Agents act as catalyts in chemically cross-linking binder systems.They
allowstovingenamelsto be curedin shortertimesor at lower temperatures.
Leveling Agents promote the formation of smooth, uniform coating films from
uneven,patternedlayersof wet paint.(egoglycol ethers)
Wetting,Antifloating and Antiflooding agentsmaintaingloss, hiding power and
uniformityof shade.Surfactantspromote dispersionof the pigmentsand counteractthe
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flocculationtendecyof particlesthat are insufficientlywetted. Antifloating and
antifloodingagentshinderthe verticaland horizontalseparationof pigmentswith
differentdensitiesandsurfaceactivities(e.g.silica)
Dispersionagentscounteractthe settlingtendencyof pigments.Since good
wettingandaviscosityof thepaintkeepthepigmentswell suspended.
Solvents: They arevolatilefluidsthatevaporatefrom the coatingsduringthe
film-formingprocesses.Solvents(xylene,butylacetate...) dissolvesolidor highlyviscous
bindercomponentswithoutchemicalreaction,i.e. theygive thebindersa processable
consistencyandprovideadjustingtheviscosityfor paintapplication.Appropriatesolvent
compositionimproveswettinganddispersionof thepigments,levelingandglossarealso
increased.Afterapplicationof thepaintthesolventsevaporate.
3.3Why TiOz is used in paint
White inorganicpigmentsare mainlyused in paint formulationsto impart
opacifyingor light-scatteringpropertiesto the paints.Until the introductionof Ti02
pigments,whitelead(basicleadcarbonates)andZnO pigmentswerelargelyused.ZnS
andlithopone( ZnS/BaS04co-precipitate) alsofound extensiveapplicationas white
pigments.
The mamreasonsfor the successfulreplacementof other'inorganicwhite
pigmentswithTi02 are:
• It hasa veryhighrefractiveindexandthusimpartsto coatingsor other
Ti02 - containingproductsaconsiderabledegreeof opacityor hidingpower.
• It hashigh reflectivity,i.e. it exhibitsa distinctlack of absorptionof
visiblelight.Hence,Ti02 impartsahighdegreeof brightnessandbrilliantwhiteness.
• TheparticlesizeofTi02 canbecontrolledto ensureaverynarrowspread
aroundthepre-selectedoptimum.Thus light-scattering,glossanddispersibilitycan
bemaximized.
• It is thermallystable,chemicallyand biologicallyinert,non-toxic,and
non-fibrogenic.
• Rutile Ti02 is photochemicallyinert and exhibits some interesting
semiconductorproperties.
• Ultrafinegradesof Ti02 (with particlesizesof 0.015- 0.035microns)
helptoproducetheflipeffectinmetallicpaints.
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Ti02 pigments,however,dohaveafewdisadvantagesarecomparedto others:
• The untreatedTi02 pigmentsarenot sufficientlybasicto reactwith the
acidicproductsformedas a resultof photo-oxidationand thus do not help to
maintaintheintegrityof thefilmsasleadpigments.
• Theyhavenofungicidalor bacteriostaticproperties.
• Theydo notformsoapswith thefattyacidsto bestablefor wetpaintand
flexiblefor thedryfilm.
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Figure3.1:MaterialFlow inpaintproduction.[31]
3.4Paint Production
Thepaint- makingprocesscanbesubdividedintofourmainstages:
1. Preparationof themillbase( premixing)
2. Continuousdispersion
3. Completionof theformation
4. Correctionandadjustmentof thefinalproduct
..,---~----
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Figure3.1 illustratesthematerialflow in paintandcoatingproduction,starting
withreceptionandstorageof therawmaterialsandfinishingwith theendproductready
for dispatch.The typeof raw material,its consistency,theamountconsumed,andthe
packagingaredecisivefor naturalflow andmetering.In largefactories,largestorage
tanksfor resin solutionsand solventshave to be installed.The raw materialsare
deliveredin tanktrains.Thesebulk raw materialscanbepumpedandconveyedto the
sitesof usevia pipes.Theraw materialsfor 1,2,4andin somecases3, aredeliveredto
thestoresbyroad.Thematerialflow continuesto theproductionfacilities(9and10).The
paintmakeralsoproducessemifinished,thesearestoredin 3.
3.5NewTechnologies
Recently,highersolventprices,increasedenergycostsandrestrictiveemission
regulationshaveledto a greatemphasison thedevelopmentof newtechnologies.The
newtechnologieswhichactuallyobtainedsomeindustrialbreakthrougharewaterborne
coatings,high-solidcoatings,non-aqueousdispersions,radiationcuring systemsand
finallypowdercoatings.The mainintentionin eachof thesetechnologiesis eitherto
reduceor eliminatethe presenceof organicsolventspresentin conyentionalcoating
systemsor to replacethemwith certainenvironmentallyfavourablesolventssuchas
waterinthecaseof waterin thecaseof water-bornecoatings,or aliphaticsolventsinthe
caseofnon-aqueousdispersions.
Table3.1: Comparisonof CoatingTechnologies.[26]
Systems ConventionalUpHighSolidsWater-Bor eRadiation
To 50%Solids
60-80%Solids30-50%>95%Sol ds
SolventUsage
HighMod r teLowVeryLo
PollutionPotential
High
EnergyUsage
HighHighLow
Water- BorneCoatings:In orderto understandtheimportanceof water-
bornecoatings,theadvantagesanddisadvantagesa sociatedwiththese,systemsare
summarisedasfollows:
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Disadvantages:
1. The high surface tension of water makes it a poor solvent for flow
characteristics.
2. All resinsin contactwith water havelimitedshelf stability.
3. Effective applicationof water - basedresinsnormally requiressometype
of humiditycontrol.
4. Most water-borne coating havepoor detergentresistance,since they are
solubilizedby the neutralizationof residualcarboxylgroupswith amines.
5. Most water - borne coatingsrequireextensivesubstratepre-treatmentsto
obtaingreaseremovalandthoroughcleaningto achieveproper flow.
Advantages:
1. Existing equipmentcanusuallybe usedto applywater-bornecoatings.
2. Addition of relatively large volumes of water to the. coating systems
alleviatestheodour problemswhich areoftenassociatedwith various solvents.
3. Insurancepremiumsare loweredbecauseof decreasedfire hazards.
4. They greatlyreducesolventemissionandmakean ecological contribution
bydecreasingpollution.
5. Energy requirementsfor curing are lowered due to the reducedair-flow
throughtheovens.
Water-bornecoatingscanbedividedinto threemainclasses:
(a) aqueousdispersionor emulsions,
(b) colloidalor water-solubilizeddispersions,and
(c) waterreducibles.
Thesethreetypesvary significantlyin physicalandmechanicalpropertiesand
thusprovidea considerableformulationrangefor coatingchemists.The maindifferences
inthephysicalandtheapplicationcharacteristicsbetweenthethreeclassesare
summarisedinTables3.2 and3.3.
RadiationCurableCoatings : Radiation curablecoatingsystemshavemainly
beendevelopedto meetthestringentregulationsconcerningwater andair pollution as
wellasto reduceenergydependencein view of the increasedfuel costsand limitedfuel
availabilityduringthecuringof coatings.
IS
Table3.2:Differencesinphysicalcharacteristics.[26]
Property AqueousDispersionColloidal DispersionWat r Reducibles
Appearance
Opaque(exhibitslightTranslucen (exhibitslightClea (exhibitsl ght
scatterin)
sc eri )sc tt rin)
Particlesize
~O.lpmabout20-100f!m<0.005pm
Moleculer
1million20000-2000002 -5
wei ht Viscosity
Low,independenof poly rMore viscositysen itive,Very de ndenton
mol.wt.
de ende ton mol.wt.1 mer l.wt
Table3.3:Differencesin applications.[26]
Property AqueousDispersionColloidal DispersionWater reducibles
Viscosity
HighIntermediateLow
Durability
ExcellentExc ll ntFair-good
ResistanceProperties
Excell ntGood- xcellentFair-good
Viscos tyc ntrol
Requ sext alThickenedbyad itionofGov r dby polym r
thickeners
osolv ntl. t
Dispersibility
Po rGood- xcell
Appli ation
Ma yS mF w
difficulties
Radiationcurablecoatingsystemscomprisemainlyof UV, electronbeam(EB), infrared
(IR),radiofrequencyandmicrowavecuredsystems.Theenergyconsumptionby eachof
thesecuringtechniquesandthe,mechanismsinvolved in thecuringareshownin Table
3.4.
Table3.4:EnergyConsumptionandMechanismsforRadition-CurableCoatings.[26]
Source Energy(eV)Mechanism
Infrared
10-1Th rmal
Microwave
10-3e
Radiofrequency
10-6
Ult aviolet
5Electronicex itation
Electronbeam
05Ionization xcit tion
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Powder Coatings : Like water borne and radiation curing coating systemsthe
mainreasonfor the developmentof powder coatingshas also been to reducepollution
problems and to decrease energy costs. The preference for powder coatings for
decorationandprotectingof industrialproductstoday aredue more to economicreasons
andthe desire to obtain quality finishes then to regulatory compliances.Besides the
emissionof very low volatile organic components(0.4 pounds per gallon of coating) a
numberof other factors contributeto their increasingacceptanceand use by industrial
productfinishes.Other advantagesof powder coating are : high materialutilization (95
percentor more) or high overall transferefficiency,low labour, maintenanceand clean
upcostsreducedenergyconsumption,low reject ratesand very frequently,high quality
finishes.The economicsof powder coatings look even·better for the future becausethe
materialcosts are not influencedby the rising prices of petroleum based solvents and
thinners.
High Solids Coatings: High solids (HS) coatingshave mainlybeendevelopedto
meetpollutionregulationsandto reduceenergycosts. In HS coatingsboth aspectshave
beenachievedby reducing the amount of volatile content in the paint formulations in
comparisonwith conventionalsystems.Since high molecular weight resins are usually
usedin conventionalpaints to obtain satisfactoryfilm properties, a direct reduction of
volatilecontents, or in other words, solvents, will mean a tremendous increase in
solutionviscosity,which may causeapplicationproblems.Thus it is essentialto reduce
themolecularweightof resinsin parallelwith thereductionof non volatile contents.This
isdoneto keepthe solution viscosityunalteredwhen the amountof solventsis reduced.
However,useof low molecularweight bindersgaverise to poor film properties.
Thusthemainfactorsaffectingpropertiesandformulationsof HS coatingsare:
1. Designingof a propervehicleshowingsuitablephysicalandviscosityrelationships;
2. Selectionof a suitablesolventshowingdilution behaviour;
3. Effectof pigmentation;
4. Curingrequirements;
5. Factorsaffectingfilm defects
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CHAPTER IV
COLLOIDAL MECHANISMS
Wheneveran interfaceis formed, a potentialdifferenceis expectedacross
thisinterface.The most interestingsituationoccurs when there is a solid (or, in
certaincases,a nonpolar liquid) in contactwith a polar liquid, such as water. In
thiscase,the potentialarisesfrom a concentrationof chargeat the interface,the
originof which maybe due to the inherentionic characterof the solid, or to the
adsorptionof ions on the surface. These ions may be the usual inorganic ions,
e.g.,Na+,cr, or the ions of surface-activemolecules,e.g., the lauryl sulphate
ion,C12HssOS03-.Even the adsorptionof nonionic surface-activemoleculesmay
beaccompaniedby a concentrationof a charge.
The system as a whole be electrically neutral, there will be an
accumulationof ions of charge opposite to those adsorbednear the interface,
and these are called as gegen-ions or counter-ions. The situation may be
representedschematicallyas in the upper part of Figure 4.1.The way in which
thepotentialfalls off from the value, '1'0 , at the surface with the distance is
shownin thebottomof Figure 4.1.The dotted line representsthe point at which
thepotentialhasfallenoff to lie of its original value. The situationin Figure 4.1
is frequentlyreferredto as being a diffuse double layer. Double layer, because
theionicspeciesarepresentin two layers, of one chargeat the surface,and the
oppositechargein the solution. Diffuse, becausethe gegen-ionsare distributed
throughanenvelopewhosediametermaybe manytimesthat of the particle, and,
infact,extendsin principleto infinity.
Flat Double Layer : The problem which has to be solved IS the
integrationof thePoisson equation:
4.1
where'I' is thepotential,x is the distance,D is the dielectric constant,and p is
thedistributionof chargewith distance.
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The approximation which is used due to Gouy and Chapman and consists
of assumingthat the distribution of charge is given by the well-known Boltzmann
equation:
n+=noexp[-zqJlkT] and n_=no exp[+ze\lI/kT] 4.2
where n+ and n_ are the concentrations of positive and negative ions,
respectively, at the point where the potential is \11,i.e., where the electrical
potentialfor each type of ion is +ze\11and -ze\lI, respectively, and no is the bulk
concentration of each species of ion. The valence of the ion is z, e is the
electroniccharge, k is Boltzmann's constant, and T is the absolute temperature.
The concentration is expressed in ions per mililiter.
Combination of equations 4.1 and 4.2 leads to the Poisson-Boltzmann
equationfor the potential of a flat diffuse double layer:
4.3
Theboundary conditions required for the integration of this equation are \1' = \110
whenx = ° and \I/~O, d\IJldx~O, as x ~oo. Integration of equation leads to the
rathercumbersomeexpression
\1/=(2kThe)In [Cexp(zw~2kT)+ 1) + (exp(ze\I/O/2kT)-1 )exp( -Kx)] 4.4
[(exp(z\1I0/2kT)+1) - (exp(ze\1I0/2kT)-1)exp(-Kx)]
where
4.5
Thequantity,K , has the dimensions of a reciprocal length, and in fact, 1/r,:is the
distanceindicated by the dotted line in Figure 4.1. The same constant arises in
theDebye-Huckel theory of strong electrolytes, and is usually referred to as tha
Debyethickness of the double layer. K is a function of the total electrolyte
concentration, and for a symmetrical electrolyte concentration, and for a
symmetricalelectrolyte in water at 25°C.
4.6
wherec is the molar concentration.
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When ze\l/o/kT«l, a simplification is possible. This meansthat Z\I/o«25
mv,sincekT/e=25.6mV at 25°C. Under theseconditions
\11 =\I/oexp[-Kx] 4.7
Unfortunately,this rather simple result is of little value in colloid chemistry,
since,in the cases of interest, \1/0 is of the order of magnitudeof 25 mv or
severalmultiples. However, it serves to indicate the general shape of the
potentialcurveis representedby anexponentialdecay.
Although equation 4.4 is, as indicated above, rather inelegant, it IS
perfectlyusable, and, in Figures 4.2 and 4.3, it is used to show the effect of
electrolyteconcentrationand charge on the shape of the potential curve. The
curves of Figure 4.2 are calculated for a uni-univalent electrolyte at
concentrationsof 0.1, 0.001 and 0.0001 N, while in Figure 4.3, the valency of
thegegen-ionis variedat a fixed concentrationof o.0001N.
The effect of increasing electrolyte or increasing charge is to "collapse" the
doublelayerpotential,i.e., reduceits extentionthroughthe body of the solution.
Thishasimportantconsequences.
A further useful calculation can be made if one assumesthat the space
chargein thediffusedouble layer can be equatedwith the surfa~echarge,cr, of
theflatsurface
()= 2noDkT. ze lj/Osmh--
7r 2kT
4.8
whenthepotentialis low, this reducesto
4.9
Sincethe surfacecharge can frequently be calculated or estimatedfrom, for
example,a knowledgeof the ionic arrangementon a crystalsurface,or from
0) 0
G
CD
G
I,.
Figure4.1 : Schematicrepresentationof Double Layer accordingto Gouy-
Chapman.[4]
10._
lO_
_.-
,,,I
Figure4.2:Effectof concentrationof uni-univalentgegen-ionson potential.[4]
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adsorptionisotherms,equations4.8 and4.9 offer a methodfor the calculationof
\1/0, thepotentialat the surface.
Examinationof equation 4.9 reveals that it is identical in form to that of a
parallel plate condenser, with the plates separatedby the distance, 1II\.. The
designationof the quantity III\. as the "thickness"of the double layer is seento
bejustified.
Spherical Double Layer : The calculation of the potential around a
sphericaldouble layer requires setting up the Poisson-Boltzmann equation in
sphericalcoordinates, and performing the integration.For the case of small
potentials,a form analogousto equation4.7 is found
a
lfI =lfIo -exp[K(a - x)Jx
4.10
wherea is the radius of the spherical particle, and x IS the distance from the
surfaceof the sphere.
Stern Theory: A refinementof the Gouy-Chapmantheory anses if one
takesinto considerationthe fact that the first layer of gegen-ions is probably
rathertightly bound to the surface, i.e., non-diffuse. Stern assumedthat the
configurationof this layer of gegen-ions could be described'in terms of an
adsorptionisotherm,and gives rise to a region close to the surface where the
potentialdeclines linearly with distance. Beyond this point, the diffuse,
exponentialdecaydescribedby the Gouy-Chapman,theory obtains. The double
layeris thus divided into Stern layer and a Gouy-Chapmanlayer, as illustrated
schematicallyin Figure 4.4, while the whole situationarounda sphericalparticle
mightbediagrammedas in Figure 4.5.
QuantityKx : Distanceappearsin the double layer equationsonly in the
dimensionlessform, Kx. The behaviorof the double layer potentialis controlled
bythisquantity,and,for exampleif Kx be large in a certainapproximationit is
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Figure4.3 Effect of valencyof gegen-ionsat an electrolyeconcent.of 0.001N
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irrelevantwhether it is x that is large (i.e., far from the surface), or K that is
large (i.e., high electrolyte concentration, or, what is much the same thing
gegen-ionsof highervalency).
Thus, at somefixed point from the surface,an increasein K must result in
a decreasein \1f.Thereis one other possibility,asequation4.8 shows, the double
layerthickness,K , and the potential,\If, are relatedto the surfacecharge.Thus a
changein K could be reflectedin a changein cr , without a changein \1/. This is
most likely to happen when the surface charge arises from adsorbed lOns,
especiallywhentheseare the ions of surface-activespecies.
For a sphericalparticle (equation4.10), the radius of the particle, a, also
appearsin the dimensionlessform, Ka. It is clear thatKa can be increasedeither
by an increasein electrolyte concentrationor by the presenceof a particle of
largeradius.In fact, for a sufficientlylarge radius, the curvatureof the surfaceis
sosmall,that it is,very close to a flat plate.These useful calculationson powder
particlescouldbe madeusingthe flat-plateapproximation.
DLVO Theory (Derjaguin-Landau-Verwey-Overbeek): It IS now
necessaryto consider the effect of the interaction of two particles, I.e., what
happenswhen two particles, each bearing a double layer, approaches one
another.The solution of this problemwas arrived at independentlyby Derjaguin
andLandauand Verwey and Overbeek.Figure 4.6 schematicallyrepresentsthe
situationfor the double layer betweentwo plates, as comparedwith the double
layerfor thesingleplate.As canbe seen,the potentialhasa minimumvalue, \1/0,
at thepointd, halfwaybetweenthe two plates.
If it is assumedthat the individualdouble layersare of the Gouy-Chapmantype,
thePoisson-Boltzmannequationtakesthe form
d\IJldx2= (8It zeno/D)sinh(ze \1//kT) 4.11
If it is assumedthat the interactionbetweenthe double layers is small, i.e., that
thepotentialwhere the individual potentials meet is given by the sum of the
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potentials, a simple relation for the value of the minimum in potential between
the plates results
\IJd=(8kT/ze)yexp( -Kd) where
y={ exp(ze\IJol2kT)-l} / {exp(ze\jfo/2kT)+1}
4.12
4.13
It can be seen from equation 4.12 that an increase in electrolyte concentration,
or an increase in the separation of the plates, has the effect of making the
potentialwell between the plates shallower.
The most useful information which these calculations can give us,
however, is the potential energy between the plates, and, since the plates have a
like surface charge, this will be a potential energy of repulsion. It can be shown
to be equal to
64nokT 2 -2
VR =---yc Kd
K
4.14
The effect of separation and electrolyte concentration on this repulsion can be
readilyvisualized, and it is shown as curves A and B in Figure 4.7.
In order to have the complete description of the interaction between the
two particles, however, it must be taken into account the attractive forces which
alsoexist. This attraction arises from the so-called London-van der waals forces.
For the case where the distance between the plates are fairly thick and the
distancebetween them, 2d, is of the order of less than about 100-200 A 0, the
attractivepotential energy is given by
4.15
whereA is the so-called Hamaker constant, and usually has values between 10-13
and 10-12, and varies with the nature of the material of which the plates (or
particles)are made.
Total Potential Energy: It is thus possible to determine the shape of the
total potential energy curve between the plates, by means of the relation
V=V",,+VB 4.16
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A quantitative expreSSiOn for the net interaction of two blocks of material
separated by a distance d between their surfaces is obtained by combining
Equations 4.14 and 4.15 to give
64flOkT 0 0 2V=--y-c-- Kd-A/487td
K
4.17
its value is determined by the chemical nature of the dispersed and continious
phases. A final point may be made. For certain cases, at fairly large particle
distances, the total potential energy curve may show a so-called secondary
minimum. This shallow minimum in the curve corresponds to a weak attraction,
anda loose sort of flocculation will take place at this point. It is belived that the
primary step in the coagulation occurs at this secondary minimum.
Figure4.6 : Double layerbetweentwo flat plates,as comparedwith double layerfor a
singleplate.(4]
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StericStabilization: Polymers have been used to stabilize dispersionsof
s in liquids againstcoagulation.Paints andinks usedby ancientcivilizations
prepared by dispersing suitable pigments in water and "protecting" the
ting systemby additivessuchas gumarabic;egg albumin,or casein.Gelatin
Iso beenused extensivelyas a stabilizing agent(13,20].In molecularterms,
substancesare changedpolymers (polyelectrolytes) and their stabilizing
enceis traceableto both electrostaticand polymeric effects. The advantage
olymer-inducedstability over electrostatic stability imparted through low
cularweight electrolytesis summarizedin Table 6.1
e 4.1: Electrostatic andSteric Stabilization:A comparison.[13]
rostaticstabilization
ion of electrolytescauses
ulation
ly effectivein aqueoussystems
effectiveat low concentrationsof
sperslOn
ulationis not always possible
ing of thedispersioninduces
ersiblecoagulation
Steric stabilization
Insensitiveto electrolytesin thecaseof
nonionic polymers
Equally effectivefor both aqueousand
nonaqueousdispersions
Effective at both low andhigh
concentrations
Reversible coagulationis mo:-ecommon
Good freeze-thawstability
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The role of polymers on colloid stability is more complicated than
electrostaticstability.First, if the added polymer moieties are polyelectrolytes,
thenthere is a combinationof electrostaticeffects as well as effects that arise
solelyfrom the polymericnatureof the additive;this combinedeffect is referred
to as electrostericstabilization.Even in the caseof nonionic polymers,addition
of thepolymerto a dispersioncan promotestabilityor destabilizethe dispersion,
dependingon the natureof interactionsbetweenthe polymerandthe solventand
betweenthe polymerandthe dispersedparticles.
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CHAPTER V
RHEOLOGY AND SEDIMENTATION
5.1Rheology
Ceramicslurriesand pastesare commonlymulti-componentsystemsthat are
relativelycomplexin structureandoftenpoorlycharacterized.Particlesmayrangefrom
granularsizesto colloids.Addedelectrolytesmaychangeinterparticleforcesandstate
ofdispersion.Interparticlespacingdependsdirectlyon theconcentrationof theparticles
(solidsloading},thestateof dispersionandtheparticlepacking.
A shearstress(t) is requiredto initiateandmaintainlaminarflow in a simple
liquid.Whena shearstressis linearlydependenton theviscositygradient(shearrate)
-dv/dy(Figure5.1),theliquidis saidto beNewtonian,
l;=l1L(-dv/dy) 5.1
In liquidsandsolutionscontaininglargemoleculesandsuspensionscontaining non-
attractingparticles,laminarflow mayorientthemoleculesor particles.Whenorientation
reducestheresistanceto shear,thestressrequiredto increasetheshearratediminishes
withincreasingshearrate.
Thisbehaviouris oftendescribedbyanempiricalpowerlawequation,
FK(-dv/dyt 5.2
whereK is theconsistencyindexandn<l is theshearthinningconstantwhichindicates
thedeparturefrom Newtonianbehaviour.The apparentviscosity decreaseswith
increasingshearate,andthebehaviouris saidto beshearthinningor pseudoplastic.The
apparentviscosityof apowerlawmaterialis
5.3
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The power law with n>1 may also approximate the flow behaviour of moderately
concentratedconcentratedsuspensionscontaininglarge agglomeratesand concentrated,
deflocculatedslurries. With an increase in the shear rate, particle interference and
apparentviscosity increases.This dependenceon shear rate is called shear thickening
behaviour.
A materialhaving the yield stress-cyto initiate flow is called a Bingham plastic
whentheflow is describedby the equation
-r=-Cy+l1p(-dv/dy)
l1=-cy/(dv/dy)+l1p
5.4
5.5
Equation 5.5 indicatesthat the Bingham materialis shearthinningandl1pis the
viscositylimit at a high shearrate.
For some materials,the apparentshear resistanceand viscosity at a particular
shearrate may decrease with shearing time. This behaviour, called thixotropy, is
commonlyobserved for shear thinning materials when the orientation and bonding
(coagulation)of moleculesor particles changewith the time during shear flow. For a
thixotropicmaterialwith a yield stress, the apparentyield strength is higher after the
suspensionhas at rest and a particle structurehas reformed.A few materialsexhibit an
increasein shearresistancewith time when shearedat a constantrate. This behaviouris
called rheopectic and may be expected when agitation enhances bonding between
structuralunits in the suspension.These propertiesare illustratedin Figure 5.2.
The viscosityof a suspension11. is greaterthanthe viscosity of the liquid medium
ilL in the suspension,and the ratio is referred to as the relativeviscositYl1r .For a very
dilutesuspensionof non-interactingspheresin a Newtonian liquid, the viscosity for the
laminarflow is describedby theEinsteinequation:
5.6
where<Dpis thevolumefractionof dispersedspheres.
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In very high concentratedsuspenSIons,the movementof particlesaroundone
anotherto accommodateshearflow requirestime.Above a particularshearrate,the
hinderedrotationandparticleinterferencemaycausetheappearanceof shearthickening
behaviour(Figure5.3).Increasingthesolidsloadinggenerallydecreasestheshearrateat
which dilatantbehaviourbegins. In moderateconcentratedsuspensionsbelow a
particularshear rate, the particlesshow shearthinningwhen the shear thinning
overcomestherandomizingeffectof Brownianmotionandtheparticlesstayrelatively
longerpositions.
In suspensionsof oxidesdeflocculatedusingsimpleelectrolytes,whenthe pH
correspondsto the Isoelectricpointof theparticles,coagulationforcesproducelarge,
relativelyporousagglomerateswhich mayform a continuousgel structurewhenthe
solidscontentis sufficientlyhigh. The viscosityof a slurry is very sensitiveto the
coagulationforcesandtheflocculatedstructure,asshownin Figure5.'1.Theviscosityof
thecoagulatedstructureis relativelyhighandcommonlyshearthinningandthixotropic
inbehaviour.Partiallycoagulatedsuspensionhavethe lower the viscosity,but exhibit
shearthickeningbehaviourbecauseof theinteractionof agglomerateswhensufficiently
concentrated.
A continuousfloccedstructurein clay is formedwhenthe clay is sufficiently
concentrated.Increasingthe pH reducesthe floc size and eventuallyproducesa
dispersionof clayplateletswithbothnegativeedgesandnegativefaces,andtheapparent
viscosityis relativelylow, asshownin Figure5.5.At low pH, theedgesof theplatelets
becomepositive,buttheforcesremainnegative,theviscosityremainsrelativelyhigh.
Rheologicalcontrol dependson determiningflow propertiesas a functionof
shearate.The shearratedependenceof the shearstressandviscosityis commonly
determinedusinga rotatingviscometerorbymeasuringtheflow velocitythrougha tube.
Colloidsmaybedispersedor agglomeratedparticles.In dispersedsystems,theviscosity
dependson theliquidviscosityof theliquidmediumandthe hydrodynamicproperties
andvolumefractionof thedispersedparticleswith adsorbedsurfactant.The proportion
ofliquidfor flow directlywiththepackingefficiencyof theparticles.
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5.2Sedimentation
If the particlesarelarger(diameter>1 /-tm)thanin typicalcolloids(diameter
<0.1/-tm)thereis no differencein rateof sedimentationbetweenstableandflocculating
systemsbutthereis apronouncedifferenceinthebehaviourof thesediments.
Stablesuspensionsedimentslowly,with a fuzzyboundarybetweensupernatant
andsedimentingsuspensionbecausethe particlessedimentindividuallywith speeds
varyingaccordingto theirsizes.Generallysuspensionsareseparatedintothreeregions;a
layerof moreor lessclarifiedfluidreferredto asthe" supernatant",a " falling" or "
clarification"zone wherethe suspensionsettles,and a "sediment" layernamedthe
"compression"or "consolidating"zonewherethesolid volumefractionincreasesas
theliquidbetweenthe particlesis slowly squeezedout by the weightof solids.The
sedimentisverycompactsincetheparticlescanglidealongoneanotheruntilthepacking
is as denseas possible.Such a sedimentmakes re-dispersiondifficult and time
consuming.If attractionprevails,the suspensioncoagulateswhile sedimenting.The
sedimentationis faster.Theboundarybetweensupernatantandsuspensionis sharp,since
thesmallerparticlesarealsocaughtin thefloesandsedimentogetherwith the larger
ones.The final sedimentis open.If theparticlesare not too smalltheycanbe easily
redispersedbyshakingor stirring.(Figure5.6)
'---------
o o
" B
Figure5.6: Structureof sediments.A-) compactsedimentfromstablesuspension
B-)loosesedimentfromflocculatedsuspension.[24]
37
CHAPTER VI
EXPERIMENT AL
SevencommercialTiOz powderswereobtainedfromthreecompaniesandtheir
characteristicsarelistedin Table6.1.Onlyfour of thesepowders(C,E,F,G)wereused
inthiswork. Two of thesepowdershadrutilestructure(C, G) andtheothershad
anatasestructure(F,E).A11powdershave99%TiOz contentexceptpowderC with5wt
% Ah03 coating.The particlesizedistributionsof thesepowdersas suppliedby the
companiesaregiveninFigures6.1to 6.4.
Powdersweredispersedinwateratthreedifferentsolidsloadings(5,10and20
vol%) inthiswork. The pH of thesesuspensionswerechangedin the2-12rangeby
usingHN03 (10 wt %) andNaOH (2 wt %) solutions.A separatesuspensionwas
preparedfor eachpowdercombinationof vol % andpH. A highmolecularweight
blockcopolymerobtainedfrom BYK Chemie(BYK 182: polyoxyalkyleneglycol-
modifiedpolyurethanewith tertiary nitrogengroups,low polar,30000molecular
weight,43%solidscontent,1.03grlmldensity)wasusedfor stericstabilizationof the
suspensions.The surfactantconcentrationswas variedin the 0.1-0.5%by surfactant
solidsbasedondrypowdermassin thepreparationof 5 differentsuspensionsfor each
powderandpowdervolumepercentage.In this fashionabout 11 suspensionswith
differentpH valuesand 5 suspensionswith differentsurfactantcontentsfor each
powderatafixedsolidsloadingwasprepared.Eachsuspensionwasball-milledfor 30
minutesforthedispersionof thepowder.
Rheologicalbehaviourof thesesuspensIOnswere investigatedby usmg a
rheometer(BrookfieldRV-DV III model)with theUL adapterin shearraterangeof
31,6-306S-l .About16m!.suspensionwereloadedintotheUL adapterfor eachrun.
Torque,viscosity,shearstressfor 10 differentshearrates(at 10 differentselected
revolutionrpmof thespindle)werereportedby therheometerfor eachrun.This data
werefurtherplottedas shearstressvs. shearrateand viscosityvs. shearrate for
rheologicalbehaviouranalysis.
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Two typesof testtubes(15,8cmlongand14mminnerdiameter,17,7cmlong
and16mminnerdiameter)wereusedfor thesedimentationstudies.About20mlfrom
eachsuspensionwereputintothesetubesataboutaheightof 10and12,5cmbyusing
asyringe.Thesetubeswerelabelledandsealedby parafilmandthesuspensionswere
leftto settle(timebeingequalto 0 hours).Thesesuspensionscontained4,8 and 16
gramof Ti02 for 5,10and20 vol% solids,respectively.The heightof thesediments
wererecordedin variousperiodsand this datawere used for the preparationof
sedimentationheights(Hlcm) vs. time (t/h) plots. Extreme care were takenfor
undisturbingthesesettlingsuspensionsduringsedimentheightmeasurements.These
observationsweremadefor up to about21 daysor 500hours.FTIR spectraof these
powderswereobtainedby ShimadzuFTIR -1600for phaseidentificationbypreparing
KErpellets.
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Table6.1:PowdersusedinPreparingDispersions
CODE SOURCETRADE NAMETi02COA ED WITH DENSITYAPPLICA IONS
CONTENT
COMPOU DS BASED ON(gr/cm3)
POWDER A
KRON SKRONOS 31093l~03(4%), i ~(0.5%)4Automotivepaints,coilcoatings,radiation
curedfinishes,industrialanddecorativeoatingsPOWDER B
160I~03(3%),SiO~(4%)3.9Automotivepaints,coil coatings,radiation
industrialanddecorativecC
MILLE IUMTiONA 53595Ale03 (5%)4.Industrial, mulsionandpowdercoatings
POWDER D
BAYER- -298Primers,d cora vec atin s,emuls o
paints,plastic-basedpl sters,wallp perinks,roadmarkingpaintsE
99 --3.9paper, ubbere amels,primer indo r
emul ionpaints,cemeF
A-EEna els,c r m cs
G
4 2
Glas ,cera csele tr -cera ic ,welding
lectr des
fDisc CENTRIFUGE RESULTS
-
Sample
MeanMod~aal%>0.5Sld.De.
code
{mIcrons)lml=t"ons}V·Jt'%miClOn$ I
RCL·535
0.3140.26611 1444.8951 9
I
DISC CENTRIFUGE WEIGHT I SIZE DISTRIBtlTION
18
16
14
12
10 4
2 ~o
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 o.~ 1.0 1.2
DIAMETER (mioron»
Figure6.1 :ParticleSizeDistributionDiagramforPowderC
Figure6.2: ParticleSizeDistributionDiagramforPowderG
41
normalized volume-parts/f.1m
- 6
- 5
800 - ..................4
.........* r··.-·····..····; ; : ; ; .. ", ., ,
* i··
..3
- 0
1,0
....- 1
.. - 2
I '
0,9'
, I ' •
0,80,7
, • I , •• I I
0,6
: ; .
0,50,3 0,40,2
;x ,
.. - - .- ..;'~'..- - ; -- . - .~..- _ ., ,
0,1
600 - , ± , .:.*
.*:
400 - ~.:.:-.
Diameter (jJrr"
Figure6.3 :ParticleSizeDistributionDiagramforPowderF
1200 -I1000 - .~OO· ' .
6
·5
4
. '.............: k.: : .
,,' .' :.,~- .
.:*~ ..
400 - ; ::...··..·..·f .
3
. -. 2
.-.~ ": ":x"; .."'- _- 1
*- ;
a '. 0" ',-. ;. ,
0,0 0,1 0,2 0,3
I '
OA 0,5 0,6
I I
tDJ 0,8
Diameter(um)
Figure6.4:ParticleSizeDistributionDiagramfor PowderE
42
CHAPTER VII
RESULTS AND DISCUSSIONS
Theparticlesizedistributionsassuppliedbythecompaniesfor all4 Ti02 powders
weregivenin Figures6.1 to 6.4.Thesepowdershaveabout0.3 llm.averageparticle
sizes.Ifallthepowdersareassumedto havemonosizeparticlesof about0.3llm.,therewill
beanapproximatesedimentationtimeto reachto thebottomof the sedimentationtest
tubes.The presenceof finer-coarserparticlesthan this particularsize also would
significantlyeffect the. sedimentationand the rheological behaviour of these
suspensions.A sumingsphericalparticlesthis sedimentationtimecanbe ueterminedby
evaluatingthesedimentationvelocityfromStokesLaw usingthefollowingequation:
7.1
whereD is theparticlediameter,11 is thefluidviscosity,v is thesedimentationvelocity,ps-
Pr isthedifferencein thedensitiesof theparticlesandthefluid andg is thegravitational
acceleration.Plugginginthefollowingvalues:
Ps =4glcc, Pr= 1g/cc,11=0.89*10·2g/cm.s(at25°C),theaboveequationbecomes:
D2=18v(0.89*10-2)/( 4-1)*980
D2=5.5*10·5v
7.2
7.3
whenD isequalto 0.3llm.,v is 1.6*10-5crn/s.For a totalheightof 12,5em.thenecessary
sedimentationtimeis about9 days.
For particles0.1-1.0 llm rangethesettlingvelocitiesandtimesnecessaryfor settling12.5
em.liquidheightis tabulatedinTable7.1.
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Table7.1:Comparisonof thesedimentationvelocitiesandtimeaccordingto theparticle
size.
0* lO.f(cm) v* lO.f(cm/s)t(h)t(day)
0.1
0.018219108
0.2
7274 720
3
0.1642 2----.9
0.4
2915
5
455763
7
831.62
0.9
1.1
1
0.
Particlesbelow0.3 I-lmwill increasethenecessarysettlingtimeabove9 daysand
biggerparticles,floes-coagulateswould causea fastersedimentation.The sedimentation
experimentswerecarriedover9 daysupto 21daysinorderto let0.2I-lm.particlessettleif
theyarepresentin thepowders.Thevariationof fallingzoneheightwith timefor powders
containingmonosizeTi02 spheresof 0.2,0.3,0.4and0.5 I-lmis schematicallyshownin
Figure7.1for 10%solidsloading.
Duringthesedimentationexperimentsgenerallythreeregions;sediment,fallingzone
andsupernatantzoneis expected.Inmostof theexperimentsonly two regions,sediment
andsupernatantzonewereobserved,butin othersthedistinctionbetween~hefallingzone
andsedimentwasnot possibleandonlythechangein theheightof thefallingzonewas
followedand usedin the analysis.Theseobservationswere usedin the preparationof
sedimentationheights(H) vs. time (t) plots.Visual observationson the natureof the
preparedsuspensionsare given in Table 7.2.Suspensionswere characterizedas
D(dispersed)or F(flocculated)by observingtheirbehaviour.Ifquick settlingand rapid
formationof a clear supernatantzone occuredthe suspensionwas labeledas F.The
presenceof afallingzone,gradualdecreasein theheightof thiszoneandthepresenceof a
bluishsupernatantcausedlabelingasD.Thesevisualobservationswill be comparedwith
thesedimentationandrheologicalbehaviourof thesuspensionsinthefollowingpages.
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TheH vS.t data at about a final t of 500 hours was used for the evaluation of Packing
Density% for each suspension.The packing densitiesof the sedimentwere calculated
simplyby using thefollowing relations:
PD%=(VTi02/Vsed)*I OO=n*(VT/Vsed)=n*(HT/Hsed)*100
VTi02=n*VT =(n/4*D2 * HT)*n
Vsed=n/4*D2 *Hsed
HT=IO or 12.5cm.
Hsed=sedimentationheight
D=tubediameter
n=0.05,0.1,0.2(solid fractions)
7.4
7.5
7.6
The PD% 's for all suspensiOnswere evaluatedand plotted as a function of pH or
surfactantcontent.Evident1y,His inverselyproportionalto PD% and if the sedimentheight
ishigh,PD% is low andthesuspensionhasa flocculatedstructure.
-+-0.5microns
- 0.4microns
----'-0.3microns
-+-0.2microns
15
-10
E0- 5.c:: C'lQ):I: 0
0
100' 200 300
Time (hr)
400 500
Figure7.1 : SchematicrepresentationofH vs. t for monosize particlesfor 10% solids.
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7.1Characterizationof PowderC :
It is an Ab03 coatedrutilepowder.The H vs.t curvesfor selected3 pH values
(especiallychosenfrom acidic,basicandneutralregions)aregivenin Figure 7.2.The
heightof thesedimentswereaboutconstantatpH=7for all solidsloadingsatsuccessively
higherH values.Inthe acidic(pH=3)and basiczones(pH=10),Hvarieswith time.At 5
vol%solids10adings,Hdecreasesonly after500 hou-r-s'at pH=3and stabilizessharply
above300 hours at pH=10.At higher solids loadings,similar trend is observedat
pH=10,butH stabilizesquicklyatpH=3.Thepackingdensityof thesuspensionswerevery
lowintheneutralpH range(pH=5-8)butis in the40-60%rangein theacidicandbasic
zonesasshowninFigure7.3.Theviscositiesof thesuspensionsatpH=7and10arerather
highshowinga pseudoplastictypebehaviourat 5 vol% solidsloadings.The presenceof
thesezonesin theviscosityandstressvS.shearatecurvesatpH=9canbeseenin Figure
7.4.Thesuspensionis pseudoplasticbelowa shearrateof about100S-I,Newtonianin
between100-240S-Iandbecomesdilatantabove250s-I.The5vol% powderC suspension
becomesdilatant(dispersed)atpH=ll anddisplayssimilarshearstress,viscosityvS.shear
ratebehaviourswithpH=3suspension.Thebehaviourof the10and20vol% suspensions
atpH=3and 10 are similarand havea dilatantnature(shearthickening).This is an
indicationof dispersedsystems.
Theeffectof surfactantatall levelsweresimilarthepowderC dispersions.ThepH
ofthesuspensionsbecame7.5-7.8upon theadditionof thesurfactant.The sedimentwere
denselypackedat 10and20vol%solidsataround60%PD.Thepackingdensityof 5 vol%
weresignificantlyloweratabout20% asshowninFigure7.7and7.8.Theseresultswere
notin aggrementwith the rheologicalcharacterizationsgivenin Figures 7.9,7.10and
7.11.Thesuspensionis dilatantwith a shear-thickeningbehaviour and relativelylow
viscosityat 5 vol% solids indicativeof a relativelydispersedsystem.The 10 vol%
suspensionhave Binghamtype shearstress-shearate behaviourand viscositywas
relativelyhighandshear-thickeningcanbeseenindicativeof a flocculatedsuspension.The
reasonof this contradictionmay have somethingto do with the floc structure.The
formationof relativelydensefloessettlingrelativelyquicklyto formdensecakescanbe
responsiblefromtherelativelyhighviscosities.The H vS.tdatasweretakenstartingwith
IIZMIR YUKSfK Tf~NOl~Jiwf~STITUSUo ~V () 0 I II t.11
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about3 daysafter the preparationof suspensions.The changesin the heightof these
suspensionsfromt=Oto t=70hours mighthavegivensomeinformationaboutthesizeof
thesefloes andtheH vs. t curveswould look like thosegivenin Figure 7.1 with the
approximatedfloc size.
7.2Characterizationof PowderE :
The firstanatasepowder,powderE,behavesdifferentlyanddispersesystemswere
notpreparedat low pH. The H vS.tcurvesfor powderE aregivenin Figure 7.12.The
sedimentheightat pH=3 is high and quickly stabilizesat around 1O.Thisbehaviour
changesabovepH=7with theformationof 3 sedimentationlayersanda moredispersed
suspension.The PD% vs.pH curvesgivenin Figure7.13clearlyshowthepresenceof a
verylooselypackedcakebelowpH=6andrelativelydensecakein the7-11pH range.The
rheologicalbehaviourof thesesuspensionsgivenin Figures7.14,7.15and7.16in general
showa shearthickeningbehaviourindicativeof dispersesystemsinthebasicregionexcept
at5vol% solidsloadingwhereBinghamtypeof fluidandshear-thinningis observed.The
visualobservationsalsostatetheformationof dispersesystemsabovepH=7.
The powderE suspensionswith surfactantadditionforms mostly flocculated
suspensions.TheH vS.tcurvesgivenin Figure7.17andPD% curvesgivenin Figure7.18
showsthatthePD% 's arevery low at 5 and 10 vol% suspensionsbut relativelyhigh
(about60%) at 20 vol% solids.The viscositiesof all of thesesuspensionsarerelatively
highandthesuspensionsdo showshear-thinningbehaviour.Thisis thetypicalcharacterof
flocculatedsystems(Figures7.19,20,21).
7.3Characterizationof PowderF :
The secondanatasepowder,powderF,whichwasobtainedfromBayerwasstated
to be useful for ceramicapplicationshad a wider dispersedpH rangefrom visual
observationsas statedin Table 7.2.Thesuspensionsbelow pH=6 havea. low packing
densityandthefinalH valuesarerelativelyhighasshownin Figures7.22and7.23.The
packingdensitiesin the6-11pH rangein around40%is relativelylowerthansomeof the
previouspowdersuspensions.The rheologicalbehaviourof only the 5 vol% powderF
suspensionswerecharacterized.The pH=4suspensionhasa typicalBinghamtypeshear-
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thinningbehaviourasshownin Figure7.24.ThebehavioursofpH=7 and 10suspensions
arevery similarand they havea shearthickening-dilatantbehaviour.Therheologicalbehavioursof thesepowdersE andF aredifferentat 5 vol% solidsloadings.This maybedueto pa ticlesiz istributiondiffer nces.This i formationwas takenfrom theBayerCompany,s thepowde F is highergradethanthep w erE.Th p wderE asmuc more mpu iti sthanth powderF.Th surfactantaddi i to pow r F susp nsi s
causedthe formationof
flocculatedsuspensionsandvery low packingdensitycompactsin the 10-30%p ckingnsit s howni Figure 7.25and7.26.T fl csfo medin 5 vol% susp nsionwerprobablyweak-loose-h ghporosity locs sevid eby th rh ologicalbe aviourgivenFigure 7.27.T usp s nis seudoplastic(shear-thinn g)at low shear rate butcom dil tantab veabout 150 S-I rate and shea ickeninghapp nsabov thisvalue.Thisw sc si er dt beanindic tionof thepres nceof rel tivelyweakande silyi p rsableflocs.
Table7.2:Visualobservationsonthenatureof thesuspensions.D:disperse,F:f1occulated
Powd rC
Powder EPowder FPo der G
pH
5%10%25102010%10
2
FFF-F-00
3
DD
4
0F
56
DD
78
D
91012% surf
5%25%
pH: 7.8
pH: 7.75pH: 5pH:7pH:7: 10104pH:4
0,1
.F
0,2
D
3
F
4,5 -
. - -I
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7.4Characterizationof PowderG :
The finalpowder,powderG,was a rutilepowdertheH vs.t andpackingdensity
plotsaregivenin Figures7.28and 7.29.Thesuspensionwere visuallyobservedto be
dispersedat pH=2 and also had high packingdensitiesin theseacidic solutions.The
packingdensitiesarelow in thepH=3to 9 range.ThepH=3and7 solutionshavea shear-
thinningBinghamtype behaviouras shownin Figu;~·30.pH=10suspensionis dilatant
whichwas in agreementwith visualobservationsandpackingdensities.The additionof
surfactantto powderG suspensionscausedtheformationof flocculatedsuspensionsand
lowpackingdensitiesas shownin Figure7.31and7.32.Therheologicalbehaviourof 5
vol%suspensionswasBinghamtypeasshowninFigure7.33in agreementwithabout15
PD%.ThefinalpH valuesof thesesuspensionswasabout4.5whichalsois in theunstable
region.The suspensionbehaviourwasnot dependenton thesurfactantpercentageswhich
wasvariedinthe0.1-0.5%basedonTiOz solidscontent.
The experimentsdonein thebasic,acidicandneutralregionsgavesometypical
results.!nrheologicalmeasurements,theshear-thinningor pseudoplasticstructuremeansa
flocculatedsuspensionandshear-thickeninganddilatantstructureshowsa morestable
and more dispersedsuspensions.!nsedimentationmeasurements,i is expectedthe
formationof threesedimentationlayers(sedimentation,supernatantandfallingzone)for a
dispersedsystems.Three sedimentationlayersmeansmore compactsedimentand high
packingdensitypercentages.This was seen in differentpH values for four titania
powders.!nthe suspensionshavingsurfactant,it was generallyseen the flocculated
suspensions,thatis,two sedimentationregions,sedimentandclearsolution,in sedimentation
measurementsand pseudoplasticnature in rheological measurements.There were
sometimescontradictionsdueto thenatureoffloc structure.
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Figure7.2:H VS.tat3 differentpH for powderC withoutsurfactant
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Figure7.3 :PD% vS.pHatsaturationtimefor powderC withoutsurfactant
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Figure7.4 : Viscosityvs.rateandratevs.stressgraphsfor powderC
having5%solid
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Figure7.5 : ViscosityvS.rateandratevS.stressgraphsfor powderC
having10%solid
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Figure7.6: Viscosityvs,rateandratevS.stressgraphsfor powderC
having20%solid
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Figure7_7: Thetrendof H VS.t for titaniapowderC havingsurfactant
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Figure7.8 :PD% vs.surfliofor powderC atsaturationtime
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Figure7.9: Viscosityvs,rateandratevs,stressgraphsfor powderC -
havingsurfactant
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Figure7.10: Viscosityvs.rateandratevs.stressgraphsfor powderC
(10%solid)havingsurfactant
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Figure7.11: ViscosityvS.rateandratevS.stressgraphsfor powderC
(20%solid)havingsurfactant
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Figure 7.12 : H VS.t at 3 differentpH for powder E without surfactant
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Figure7.13: PD% vs.pH atsaturationtimefor powderE withoutsurfactant
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Figure7.14: ViscosityvS.rateandratevS.stressgraphsfor powderE
having5% solid
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Figure7.15: ViscosityvS.rateandrateVS.stressgraphsfor powderE
having10%solid
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Figure7.16: ViscosityvS.rateandratevS.stressgraphsfor powderE
having20%solid
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Figure7.17: ThetrendofH VS.tfor titaniapowderE havingsurfactant
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Figure7.18:PD% vs.surflio for powderE atsaturationtime
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Figure7.19: ViscosityvS.rateandratevS.stressgraphsforPowderE
havingsurfactant
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Figure7.20: ViscosityvS.rateandratevS.stressgraphsfor powder'E
(10%solid)havingsurfactant
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Figure7.21: Viscosityvs.rateandratevs.stressgraphsfor powder£
(20%solid)havingsurfactant
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Figure7.22:H VS.tat3 differentpH for powderF withoutsurfactant
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Figure7.23:PD% vS.pHatsaturationtimefor powderF withoutsurfactant
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Figure7.24:ViscosityvS.rateandratevS.stressgraphsfor powderF
having5% solid
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Figure 7.25: The trendofH VS.t for titaniapowder F havingsurfactant
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Figure7.26:PD% vS.surfOlof r powderF atsaturationtime
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Figure7.27:Viscosityvs.rateandratevs.stressgraphsfor powderF
(5%)havingsurfactant
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Figure7.28: H vs.tat3 differentpH for powderG withoutsurfactant
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Figure7.29:PD% vS.pH atsaturationtimefor powderG withoutsurfactant
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Figure7.30: Viscosityvs,rateandratevS.stressgraphsfor powderG
having5% solid
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Figure7.31: ThetrendofR VS.tfor titaniapowderG havingsurfactant
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Figure 7.32:PD% vS.surfOlo for powder G at saturationtime
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Figure7.33: ViscosityvS.rateandratevS.stressgraphsfor powderG
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CHAPTER VIII
CONCLUSIONS andRECOMMENDATIONS
The preparationand characterizatio,f-cif stericallyand electrostatically
stabilizedcommercialtitaniapowdersuspensionsin waterwereinvestigatedin thiswork.
The experimentalwork involvedthedeagglomerationof thepowdersby ball-millingand
the characterizationof the powdersuspensionsby sedimentationtestsandrheological
behaviourcharacterization.Titania suspensionswere preparedwith differentsolids
contents(5,10and20 vol%) andthepH of thesesuspensionswerekeptin the2-12pH
range.A commercialblockcopolymerat0.1-0.5wt% of Ti02 contentwasalsoaddedto
investigatetheaffectof stericstabilizationonstabilityandrheology.Thesuspensionswere
preparedby four titaniapowders.Both of thesepowdersare the rutile,C and G; the
others,E andF, aretheanatasepowders.PowderC isthe5%AhO) coatedandE,F,G are
uncoatedpowders.
ThePD% 'sof thefinalsedimentsobtainedfromthefinalsedimentheights
III the sedimentationtestswere most of the time in agreementwith the rheological
behaviourof the powders.The presenceof a Bingham-pseudoplastic-shearthinning
behaviourmostlyresultedin theformationof looselow densitysediments.Sedimentswith
packingdensitiesashighas60%of rheologicaldensity(takenas4 gr/ccfor allpowders)
wasobservedfor someof thesuspensions.
Thesestablesuspensionsusuallyhadthreezones;sediment,fallingzone
and bluish supernatantzone. The dispersedsuspensionsmostly had a dilatant-shear
thickeningbehaviour.
The formationof denseflocswith sizesbiggerthan0.3 I-lm. averageTi02
particle size was thought to be responsiblefrom the discrepanciesbetweenthe
sedimentationandrheologicalanalysis.In thesesuspensionstheheightof the sediment
decreasedto a low valuea strongly(yieldinghighpackingdensitiesin the40-60%range)
but thesesuspensionshowedshearthinningbehaviourtypicalof flocculatedsystems.
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Theseflocsmayeitherfromduringthesuspensionpreparationor mayactuallybepresent
intheoriginalpowderwhichwasnotwelldisperseduringtheball-millingoperation.
The resultsof this work showedthattwo commercialanataseor rutile
powdersmaybehavedifferentlyin watersuspensionsdueto differencesin particlesize
distributionor surface-coatingscharacteristics.This work alsoindicatedthattheparallel
characterizationof suspensionsby both sedimentatien-andrheologicalcharacterizations
may prove fruitful and contributesignificantlyto the understandingof powder
suspensIOns.
The determinationof theH vs.t behaviourin the0 to 100hoursmayyield
valuableinformationonthenatureof flocsforminginthesesuspensionswhichmaynotbe
evident in the rheologicalcharacterizations.The use of other surfactantsand the
combinationof electrostatic-stericstabilizationby pH fixationin surfactantcontaining
water-basedsuspensionsmayyieldvaluableinformation.
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APPENDIX
FTIR CURVES OF FOUR TITANIA USED IN TESTS
The FTIR curvesof commercialanatase·arid rutiletitaniapowdersaregivenin
FiguresAl to A4.TheseFTIR spectrashowthatpowdersC andG haverutilestructure
whereaspowdersE andF haveanatasestructureaswasreportedby thecompanies.O-
Ti-O groupmayabsorbaround700-420cm'labsorptionband.The peaklocatedat 540
cm'lmayshowTi-O stretchingfor anatasestructure.Theabsorptionbandincludesstrong
peaksat 700,650,550,470and410 cm'I.Theabsorptionlocatedat 700-420cm·l may
defineasO-Ti-O group.Theabsorptionbandhasmediumpeaksat550and520cm'land
a strongpeakat410cm·l.
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FigureA.4 :FTIR Spectraof anatasepowderE
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